One hundred combined spinal-epidural kits (Portex, n =51, Mallinckrodt, n =49) were evaluated clinically by twelve anaesthetists with respect to performance of the 10ss-0J-resistance syringe, epidural needle and spinal needle, and success in establishing single-segment combined spinal-epidural anaesthesia for caesarean section. Similar components included a plastic loss-ofresistance device, a Thohy epidural needle, 26 or 27 gauge pencil-point spinal needle and closed end, three-lateral-eye epidural catheter. The Mallinckrodt kit incorporated a "back-eye" design for exit of the spinal needle from the epidural needle.
of the loss-of-resistance device, the spinal needle and the epidural catheter.
MATERIALS AND METHODS
In late 1993 the only CSE kits marketed in WA were those of the Portex and Mallinckrodt companies. Both kits contained an 8 cm Tuohy needle, loss-of-resistance syringe, epidural catheter with connector, filter and detachable feeding device; and spinal needle. The latter were 26 (Portex) and 27 (Mallinckrodt) gauge needles of "modified-Whitacre" or pencil-point design. The tips of the epidural and spinal needles are shown in Figure 1 and component dimensions detailed in Table 1 . The Portex spinal needle is passed through the lumen of the Tuohy needle and protrudes via its Huber tip, while, in contrast, the Mallinckrodt Tuohy needle had a "back-eye" aperture, through which the spinal needle was designed to pass so that the dural hole was offset from the area of dura against which an epidural catheter might later abut during its insertion.
Institutional Ethics Committee approval was obtained prior to commencing the evaluation, although patient consent for the evaluation was not considered necessary because all anaesthetists were familiar with the technique (which was common in use), and patient confidentiality was ensured. On arrival in the anaes- thetic room of the operating suite, women who had consented to caesarean section under CSE anaesthesia were randomized, by means of a predetermined computer-derived randomization sequence, into two groups, each to have a single-segment approach using one of the two kits. Prior to the evaluation, neither kit had been in use in our department, although the Portex epidural components were similar to those in routine use. Data collected included details of the technique used for CSE anaesthesia, characteristics regarding the ease of clinical performance of the CSE, operator satisfaction with various kit components, the characteristics of the resultant anaesthesia, and potentially relevant postoperative sequelae. Sample size was estimated based on a desire to detect a 25% difference in ease of detection of dural penetration, based on previous evaluation of the Portex kitlo, and a reduction in failure of dural penetration from 15070' to zero with a kit containing a "back-eye" epidural needle, both with a power of 80% at a 5% level of significance.
Anaesthesia and Intensive Care, Vol. 23, No. 5, October 1995 Statistical analyses were performed using t-tests for normally-distributed parametric data (patient age and weight) and Fisher's exact test for categorical data (specific details of the CSE technique, assessments of the epidural and spinal insertion and kit components, block characteristics and postoperative symptoms). Time to appearance of CSF was recorded as less than five, five to ten or greater than ten seconds and was compared between the groups using the Mantel-Haenszel chi-squared test. Logistic regression using maximum-likelihood estimates for binary outcome measures was used to estimate associations between outcomes, such as ease of epidural insertion or satisfactory performance of the loss-of-resistance device, and possible confounding variables (for example, the grade of anaesthetist or position of the patient). A P value of < 0.05 was considered statistically significant.
RESULTS
One hundred kits (51 Portex, group P and 49 Mallinckrodt, group M) were evaluated over a ninemonth period by twelve anaesthetists (two consultants used 35 kits, ten registrars 65, and no individual less than five). The groups were similar for patient age and weight, elective versus non-elective caesarean, consultant versus registrar anaesthetist, sitting versus lateral position and lumbar interspace for insertion, loss-ofresistance to air or saline, injection of saline via the epidural needle prior to catheter insertion, and administration of subarachnoid opioid or intravenous ephedrine ( Table 2 ). The sitting position was more likely to be associated with CSF backflow within five seconds (P<O.OOOI). The prior administration of saline was not associated with easier insertion of the epidural catheter (P= 1.0, Fisher's exact test). The speed of onset of the block was not influenced by the level of CSE insertion (P=0.18). The grade of anaesthetist made no difference to the ease of epidural insertion, satisfaction with the loss-of-resistance device, likelihood of feeling dural penetration, ease of securing the spinal needle or inserting the epidural catheter. The CSE technique was "technically perfect" (i.e. both spaces localized at first attempt, subarachnoid injection and insertion of epidural catheter uneventful) in 42 (82070) of group P and 39 (80%) of group M (P=0.8, Fisher's exact test). This was not influenced by the grade of the anaesthetist. Both the kits evaluated proved reliable, with only two cases of failed subarachnoid space identification (one with each kit, both registrars). The Mallinckrodt kit components were housed within a sterile internal package which could be dropped intact onto a sterile tray and five anaesthetists commented that this was an advantage. Operator satisfaction with the epidural components is described in Table 3 . The Mallinckrodt loss-of-resistance device was considered unsatisfactory in 4 (of 49) cases, and the Portex loss-of-resistance device considered satisfactory in all cases (P=0.05, Fisher's exact test). All anaesthetists used both devices, and 10 of the 12 stated a preference for the Portex, comments being that its plunger movement was both precise and smooth. In other respects the epidural equipment in both kits appeared satisfactory, minor criticisms induding difficulty identifying the correct orientation of the stylet when reinserting it into the Portex epidural needle and a failure of the metal stylet to withdraw smoothly from the Mallinckrodt epidural needle.
The penetration of the dura with the spinal needle was felt more frequently in group P (Table 4) , although the rate of backflow of cerebrospinal fluid (CSF) into the spinal needle hub did not differ between groups (P=0.24, Mantel-Haenszel chi-squared test). The operator's satisfaction with securing the spinal needle within the epidural needle after dural penetration was similar for both groups, but aspiration of CSF was considered "easy" more frequently in group P (Table  4 ). Consultants were significantly more likely than registrars to find aspiration via the Mallinckrodt spinal needle difficult (P < 0.05, chi-squared test).
Times to onset of surgical block and intraoperative supplementation did not differ between groups. Similar percentages of women had experienced backache antenatally, had headache after caesarean and had headache postoperatively (Table 5 ). Those with backache antenatally were more likely to have postoperative backache (P<0.05, Fisher's exact test). PDPH occurred in 2% (one from each group). Both cases were mild and settled with conservative management, although one was delayed in onset, commencing after discharge on the fifth postoperative day. 
DISCUSSION
There are three designs of epidural needle for singleintervertebral level CSE techniques. A long spinal needle may be introduced via a standard epidural needle with Huber tip, either using separate components or a purpose-designed kit 2 which limits protrusion of the spinal needle to about 15 mm. Secondly, an epidural needle can be manufactured with a "back-eye" in the curve of the tip\ through which the spinal needle usually passes, avoiding bending and friction. The third design, which we did not evaluate, is a dual-channel needle, in which a separate conduit for the spinal needle is provided attached to the epidural needle 4
• The latter has the potential advantage of allowing the epidural cather to be sited and tested prior to spinal anaesthesia or analgesia, but the disadvantages of an elliptical shape, should accidental dural puncture occur, and bending and friction of the spinal needle as it leaves the tip of the epidural needle. Potential problems with these different designs include accidental passage of the epidural catheter intrathecally via the dural puncture, fracture of the spinal needle or its conduit attached to the epidural needle, or shearing of metallic fragments from the needles. These risks appear to be very small, but theoretically favour the "back-eye" design,,5. Disposable CSE kits became commercially available in Europe in the late 1980s but only recently in Australia. Most kits now incorporate 25-27 gauge pencil-point spinal needles with transparent hubs, since these are easier and more reliable to use than finer needles 6 and reduce the incidence of PDPH compared to Quincke-tip needles of similar size 7 • This evaluation compared two kits of similar price. The Portex kit has been evaluated previously in the United Kingdom in 150 women having caesarean sectionS and in a Finnish study9. Mononen rated the Portex kit well for packaging, its loss-of-resistance device, safety of catheter insertion and price, but it was surpassed by others for the ease of spinal needle or epidural catheter insertion. We also found the Portex loss-of-resistance device was well-rated, proving more popular than the Mallinckrodt. It is possible, however, that this was influenced by familiarity, since the identical device is used routinely in our hospital in disposable epidural kits. Neither device was compared with a ground glass syringe with matched casing and plunger.
The Portex spinal needle rated more highly with respect to the sensation of dural penetration, possibly because of its slightly greater external diameter and differences in design of the pencil-point tiplO ( Figure  1 ). This contrasts with a comparison of two different kits available in Ireland. Both contained 26 gauge spinal needles, but that in which the epidural needle had a "backeye" was described as giving a better feel of dural puncture ll . As reported by others using similar needles 12 , the time to appearance of CSF in the spinal needle hub was usually less than five seconds. This was the case with both needles, which were identical in internal diameter despite different gauge. Variation in the rate of CSF back flow between similar gauge and length needles from different manufacturers can however be marked 12 , since it is determined more by needle design than gauge 12 • Difficulty with securing the spinal needle during injection and resistance to subarachnoid injection were complaints by both experienced and junior anaesthetists using both kits, and we did not find an advantage with either design in this regard. It has been suggested that a clip attached to the shaft of the spinal needle may assist stabilization 14 and that the "backeye" design requires more dexterity, since the spinal needle slides more easily through the aperture than through the tip of a standard epidural needle (from which it exits at a small angle). The weight of a clip may displace the spinal needle, however, and it is suggested manufacturers of both CSE kits look at alternative approaches which optimize the fit or stability of the spinal needle within the lumen of epidural needle. Resistance to injection was commented upon with both needles, despite all anaesthetists being familiar with spinal needles of similar gauge, and was possibly due to additional length compared to standard spinal needles. High resistance is undesirable and likely to increase failure rate 6 • Despite identical internal spinal needle diameter and ease of stabilization, aspiration of CSF via the Mallinckrodt spinal needle was more difficult. In the absence of laboratory studies, it is not clear if this reflected between-needle differences in the pencil-point design or the needle hub, or other factors unrelated to the equipment.
The optimal protrusion distance for the spinal needle beyond the tip of the epidural needle appears to be about 12-14 mm. Theoretically, excessive protrusion is not desirable since it may increase the risk of puncturing the anterior part of the dura. On the other hand, protrusion more than 10 mm appears essential for reliable identification of the subarachnoid space 2 ,1l despite the usual distance between the anterior border of the ligamentum flavum and posterior dura being less than 10 mm. Ten mm protrusion of a Quincke spinal needle via a "back-hole" leads to a high failure rate (156,10 )", probably because it does not allow sufficient leeway to traverse the epidural space in some cases and since occasional exit via the epidural needle tip also decreases effective protrusion distance. The Mallinckrodt kit we evaluated, with 14 mm protrusion from the "back-eye", was satisfactory. In our two cases of failure to achieve anaesthesia initially, spinal anaesthesia was subsequently achieved using a 120 mm 25g pencil-point needle in one case and was abandoned in the other. A similar success rate has been achieved with the Portex kit by anaesthetists of mixed experiences.
Backache after pregnancy is very common and controversy exists as to whether it is increased by epidural techniques, although recent prospective data suggests it is not l5 . There is no prospective information on spinal anaesthesia and analgesia. Mild, short-lived localized backache occurs in 11-25% of young nonobstetric patients after spinal anaesthesia I6 ,17. Multiple needle insertion does not appear to increase the incidence1 8 • We noted that backache was very common, occurring with identical frequency to that in the antenatal period. The incidence of PDPH was consistent with reported experience with this type and gauge of needle 8 ,19. In summary, both kits were associated with a high incidence of satisfactory CSE anaesthesia. The Portex loss-of-resistance syringe was preferred by ten of twelve anaesthetists, although opinions may have been biased by familiarity with this device. The Portex kit spinal needle was more likely to be felt penetrating the dura and aspiration of CSF though it was more likely to be easy. The most common criticisms of both kits were difficulty controlling the spinal needle after entering the subarachnoid space and subjectively, a high degree of resistance to injection through the spinal needle.
